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CALCULATION OF THE DIRECTION OF MAGNETIC MCililTS:ESRO L

l.Formulation of the Problem

The magnetic field at various points with three components
for each instance was measured for determination of the
direction of the magnetic moment of the two permanent
magnets in the satellite at the MSTU on the Stadlerberg.
The measurement values are published in TM-RES-581.39-

005, pages 14-17.

2.Derivation of Equations

)/

1 .

Lot b2 o

a Messpunkt S

a= measurement point S
b= magnet i.



Given:
Position of magnets 1 - -
g Tsti ={Xgyi, Ysvi, 2Zsvi)
o _
Position of measurement points S; If‘ =(xg , Ysi ; zg )

Hsi =(Hgq Hsy Hgy)

Magnetic field at points S; _
M, . ‘i=1...2)

Magnetic moment of magnets i

T,
— - — -. . ] — ) il
»ril = rq oy w1th;the unit vector €y ° o ]

(1 = measurement-point ihdex).

The magnetic field at a measurement point S is

- 2 . - - 1
Hg = Z -—,\4-1—'[3'(8,-;'8,"5)'8,5 -—emi]

im| ri 3
' ‘wanted:
L =
Unit vedtor Emi = ('emix , €miy, €miz ) h
Premise: emiy==02 emiy<= 0,2

From this follows

lemiz | > vt—z-o,z2 ~ 096
| % |

Neglecting an error < 4

iemizl =1

Since the two magnets have their north pole in the -z-
direction o . = -1

and

—

emi =(emix,emiy,—1)



Component form of equation (1)

#
2 .
Hgy = _}—__.1 r;3 'Lemix(3eri§-1) + erv'-l'y(:ieri)x' €riy ) = 3e4ce; ] (2>
e =5 Ml Geie ) te. (BeZ-l) —3e, e ' (3)
Sy — ri3 | “mix €rix eriy emiy eriy eriy iz ]
- 1=
=5 M_T +e 241 | 4
Hs, = r;3 *1€mix 3en'x'eriz) * €miy 3eriy'eriz) -3e,, +1 (%)
i=1 9 . . E )
Thus for a measurement point is yielded
< €mix + 4 emly + a3em2, +agem2,' + dg = £ . ‘ (5)
(e = measurement error)
The coefficients for equations (2) to (4) are:
for for for
ceefficient Eguation (2) Eguation (3) Equaticn (4)
1ML L2 ' M o : : M .
,tc a1 n3 (3er1x 1 r3 3 er1x' er1y ?';-;— 3erix er!z
f My, ' S M, My 5.
‘\ 4z ry3 3er1x €1y r3 (32”1 -1 r,3 3er1y €1z
] LM M M
) — y P _—2 2
‘{ 43 ry3 (3er2x i T3 3er21'er2y ry3 3erzu’ € 2z
i i -
; RPS M2 2 M,
l a, %) e 2y ‘ r,3 (3e3, -1 ¥ e, €,
N
: M ' M M
:' - rls—3erlx'eriz - Fg-3er1y TP = r_'}_(3er1zz -N
! ag M
: My o e o - M2 - M o2
T3 32 €2 ~ Hsy r,3 3@y € ~ Hgy r,3 3¢z, =V - Hg,




The unknowns e ; € must now be so determined that
mix miy

S= ) €= Min
l

i.e. the partial derivatives of S with respect to the
unknowns must be set equal to zero. This results in a

system of four linear defining equations with the following

coefficient matrix:

fZauz Zau'azt Zau-a;l Zau‘ 31.1\ f Zau' am\
232( Y Zau’ "Zazf a4 Zazl' A Zaz(asm
zaai 3, Zasf . Zaaf' Zaziau Zaziasu

.. . . 2 .
\Za“a“. Zauazl Za«aal Zau J ‘Zal.la!all

- I3 a— . - .
With vector emi = (em'lx ’ ernly ' Cma2x emZy ) will

—

Cik ‘€mi -Dik (7)




A program for the SDS 920 was developed for the solution

of this equation system.

Description of the Calculation Program

3. a Definition of the Coordinate System

The measurement arrangement was such that the satellite
could be turned in the z axis to the extent of angle ¢
with respect to the space-stationary coordinate system
XNSS' YNSS' ZNss (compare TM-RES 581.39-003). Measurement

—

value T., and Hg,

st are given in terms of the space-

stationary system, the position of magnets T;TL and
vectors €, is given in terms of the satellite-statio-
nary system. By means of a transformation, values Tgﬁ;
must first be converted into the space-stationary system
and at the end, vectors €mi must be recalculated for

the satellite-stationary system.

Index NSS & .
- stationary with
respect to *space.

Yrss Index M 2  stationary with
respect to satellite



OM (I; =-magnet, Moment for Magnet 1

3.

b Program Input

Required subroutine: SYSLIN

Eauss-cmBJ :

XM (1) '
YM (I)})= Position of Magnet i [cm ]
ZM (1) ] ' |
X = 0 (not being used)
L = I = Number of the Magnet
. ’ . r -
PHIG = Angle ¢ Deg.
- ° - o
XNSS |
YNSS } = Position of a Measurement Point ' tm
ZNSS : _ - |
¥H = Field Intensity (Reading Value) B
"HO = zero error or earth-field component subject to com-

IND

pensation. Give value in the direction of the positive

axles

1+ 14+ 14

(y)

if measuring = sonde lies in the ¥ Xygg direction
if measuring sonde lies in the % YNgg direction

if measuring sonde is in the t Zygg direction

PHIC (control)



Reading value H corresponds to the measuring value of a
measurement sonde, which however gives only half the
value of the actual magnetic field (compare TM-RES-581.
39-003, page 37-39). Doubling of the measurement value is
effected in the program. The measurement values given

in TM-RES-581.39-005 can therefore not be used directly,

since this doubling has already been carried out there.

Position of Switch SW 2

By means of this switch, the program can be so controlled
that the coefficient matrix C;, is calculated in terms of
the space-stationary system, and vector e, 1s transformed
into the satellite-stationary system only at the end

(SW 2 = off), or that coefficients a), and thus also Cik
are calculated already in the satellite-stationary system

(SW 2 = on).
In the first case, only all the measurement values with
a constant ¢ can be used. The last card must then be a

blank card (IND = 0).

In the second case, all measurement values can be used



independently of angle ¢. It is necessary only to com-
bine groups with the same ¢ and to close with a card with
XNSS = 1'000'000 and IND = 0. In addition, before each

' such group, a card with the new (PHIG) must be entered.

The very last card must again be a blank card.

3. Data Issue

In addition, the determinant of Cik is calculated and printed

out by means of switch SW 1 = on.
PHIG = ¢ (degree)
If SW 1 = on, i.e. if measuring values with different values

of ¢ have been evaluated, the last entered value ¢ is

printed out.

Magnet 1 Magnet 2 Magnét 1+2 | 'Angle,

€mix €max eml 42"'.
em1y emZy . emy 42""
e .

miz emzz emz



Here:

—e"m - designates unit vector of the field of Magnet 1

©,,> designates unit vector of the field of Magnet 2

€ = designates unit vector of the resulting field
of the 2 magnets

<¥en * designates angle of gm in /degree/ with re spect
. . to the -z-axi s
All values‘are_given in terms of the satelli te-stationary

system.
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b

% C DIRECTION OF THE MAGNETIC MOMENTS ESRO 1
C
377 ¢ 77 "¢SW1 OFF WITHOUT DETERMINANT -
L ¢  SW1 ON TYPE DETERMINANT .
5+ -€-- ~- - SW2 OFF CALCULATION IN SYSTEM SPACE STATIONARY
6 ¢ SW ON CALCULATION IN SYSTEM STELLITE STATIONARY
7 ¢C o
8 DIMEISTON 02T, K412, Y20, 20028, v012,;30, 2021 ,AT5),C16,51
9. C DIMENS 1Ol XX[2,2]
15 . 1 Prust
11 PDET=1, . R L -
i
3

PERAZ2E-5 ' L
pe 4GL t=1,4 _
DO Ll ‘:“',5

LU AN

o8 B T o8 B 8 U b B g o8 & BB & H # OO & 8 b6 g 8 B G

| ; Y20 Cl1,
D! DO 99 1=1,2 :
j£7 READ 55,001001, &0ET, Yy, zattl, £, L
13 {Fli-L) 13,99,13
i 99 COITINUE
+ 2|75 2 READ 57,PHIG
] PR =PHE5/57,2957785152
clin y ao 1=1,2
Ei XXV, 2R
§ - XX( 2]“Ya”|] -
ol - IO onnn TRANSTXALT, 11, X401, 2,001
B! 30IAD 50U, XHSS,YNSS, Ziss, M, HL, 1D, &
= 2|27 CFLLHDT 1h,4,14
= Ef28 1 (F{PHIG=X) 13,5,13
= Z[29 5 DO 2ul 1=1,2
= =3 RV, 11=XH53S=44T1,1]
= 2151 FRIL,21=YHSS=-XAT 1, 2]
= 2|52 ;z' “} “a,-z.'z}
= 253 ‘ IRER RS R \ER(1,2I**2JER[I,3]**2}
= 254 RELJ wmv-r/.x!:w~
= 3235 Do 200 .*1,3
= Z[36 200 ERTi,LIZERLT, LI/ATT)
< 257 WePERAFTHFSIGHTL, D] ~140)
= 5|38 IND= TABSLINDT :
+5 B39 A5} =0,
S [ pO 3uu 1=1,2
= b1 [L=2%~1 . :
= 52 [2-2%1
# 43 L2
& b K 1
= - X,
= o (Friun-21 8,7,5
s 6 [1-5
4 Y
€ Loy K=2
4 . =AD5]
v R 59 TO 9
¥ 7 1J"
s \2 2% -1

$

3 ﬂfSJ”Afb]&3*R[!)fi&[(,u”ﬂj&gg[l’gl
9 pf1l]s Rfl]'IB“”"' PAD) =1, ]
/

5 10 AT12]= 3 REEITFERT L, 15701, o
@ PF{K=-1] 5AI3IJ,AL
= 11 k=1 ;
. 12202%1-1 3
cz A
e G0 TO 10
F 2452-T -0 - )
66 ol RN
3 7000 <
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900 C[l&Z,u}°5,,295779 )1 A

TM-RES 581,39-008

Blatt 8 10" Blatter

300 CONTHIUE

AST=A1514&H

!"TSENB' SultT 2R TR W
12 %50 800 1=1,2
8L SALL TR 5[\ wleli, A2 1, =Pyt
FRYLY 533 121, :
05U K=, 5
pooii,RY=Cy  KTAA DT ATK]
S50 Tg 3 ‘ .
6 TFISCHSE SUITCH 21 13,19
18 IFIXiISS-1E6T 19,2,12
13 DO 600 1=1,5
N0 600 K=1al,b
60Q CIiK,1i=Cl1,K]
CALL SYSLiN{g,4,1,4,08T)
VFUSENSE S ITCH 2) 21,245
"'O (:'LJ 7\41 '21,2 .
760 CALL TRANSICT?2

by=1,51,C12%1,51,=PHi ]
SUITCH 11 15,16

no 9un 1=1,2
Clt, = 5%[Cf1,5)nC: 1&2,3]

7 TANICTY, 0]
TYPE 52,PH1 S

Tyl os1,c0,s5),c00m2,51,C00, 61,0000, -, 0L,
TYPL )l,/\,r(,/(
a0 TO 1
+3 STOP
50 FORUATISFLO.G, 15,710, 3]
s} TORBATIELS> . 6,28 u,.5,-11.2]
L2 J?l/\T[)I"i“EF?.h/,{'J om0 1 MAGKNET 2 5

[$MAGHET 1a2 MILKE L3/
53 FORMATISDET-.213.5/)
)

~

SUBRQUTINE COORDINATE TRANSFORMATION

SUBROUTIHE TRANSTX,,PHT]
CAE XFCOSIPHITAY S @it ]

VeeXNSINIPHITAY*C o Pl ]

XA

RETURN

END

.—//“




R(I) = OM(I)/ (A(D*)

y
@o 200 L=1, 3 )
1

200 ER(

I,L) = ERCI,L)IA()

'

I H= PERM-(H-SIGN(1,IND) - HO ) J

l_|ND= IABS(IND) |
e
- L
L:\(S) =

—3

A(5) = A(5) +3-R(I)- ER(],IND)-ER(],3)

= SR —

I
12

NN

1
I-1

[1=5§
X = A(5)
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S Jede unertaubte Verwenduny dieses Dokumentes wird qerichthie verfolgt,
TYPE X.X.X [= |TYPE C(1,5), C(I+25), C(L4), CUI»24), 11,2 | - LTYPE PHIG-
!
300 C(I+24) = 57.2957795131-ATAN( C(14))
C(I4) = 05:(C(I,5)+ C(1+2.,5))
t
START DO 900 I=1,2
g = PAUSE C )
9 ' V of f i |
| § PERM = 2-107° Sw1>"+ TYPE DET
= DET =1.
2| s ‘ o—
=| % (00 400 1=1.4 ) B —T—
@o 400 K=1,sj 700 CALL TRANS (C(21-1,5), C(2:1,5). - PHI)
] ' ’ f
400 C(IK)= 0. @o 700 1=1,23
'  oft
(0099. x=1,2) on
* .
READ OM(D), XM(D,YM(D, ZM(D, X, L 600 CALL SYSLIN(C,4,1,4, DET)
. 1
. '.,A-.o(K
5{0” 3: !\—§/ @O 600 Kal"llL )
"“' S 7
| 99 CONTINVE | “ (posto1=13 )
- . - . . /’ T — ,_-T -
— . 7 . ’ Q;")'”)‘ ._-co ) -
READ PHIG e -
7 J T — [soo CUIK) = Clik: - A A(K)
o _‘ - v —— s
— PHI = PHIG/ 572957795131 . C -
. -~ (-DOs00 K=1,5 )
,\,_“ \ (no1n t=49 : v
: N no - YN o
, , — ‘_,. &00500 I=1,4 )
i XX(1,1) = XM(I) .
; XX(12) = YM(D
) 800 CALL TRANS(A(2:1-1), A(2:1), -PHI)
! 100 CALL TRANS(XX(I,1), XX(1,2), PHI) (oo I )
800 I=1,2
- ! T on
) § Off., IS
: off | -
g A(5) = A(5)+ H
- i
tm
- 300 CONTINUE
& | s
: @0 2001=1,2 K= 1 .~ o0
. )
‘ ER(I,1) = XNSS-XX(I,1) A(I2) = 3-R()-ER(I,K)- ER(I,L)
]"“ T T ERCL, Y = TRSS=XX(T,2Y i T‘_‘:_“_’_“Tfﬁf,‘f,‘f‘“‘f“f?ﬁ"‘““""‘"’m“ww““*”'“‘“
! ER(I,3) = ZNSS-ZM(ID) l -
] ’ T LA = X+ R(D-(3-ER(TIND)I? - 1.)
A(D) = SORT(ER(I, D%+ ER(I, 2+ ER(L,D*) e s e
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‘e Verwondung dieses Dokumentes wird gerichtlich verfelgt,

S piper
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Blatt 10 |- 10 Bt

5. Results of the Evaluation of Measurement Values of Mov.7,66

Magnet, Moment M1=M2 = 13500 , [Gauss . cm3]
MAGNET . MAGIICT MAGHET 122 ANGLE
.599735E~11 - 18465 =01 217559601 L2470

-.2%6736E-:1 -.325302k-01 -, 283324501 C -1.6u9°

-, 100090F il -.100000t o1 - LUUGGGE ol

Magnet. Moment M1=13000, M2=13500 . [Gauss . cm3]
MAGNET 1 AAGHET 7 AAGWET 142 ANGLE
V51218501 -.170081:z~41 22102655 -01 12059

-, uB5055-41 -, 329740-~0u1 -. 287024 =0t -1 ,0nu°

-. 1006007 1 -. 100600 51 -. 1000055 Ol

Magnet. Moment M,=13500, M,=13000 [causs - cm3]
NAGNET : MAGRET MAGIET 1&2 ANGLE
.665161€E - 0. -, 160196E~1 L222533E=01 1.273%:

-.232077.~0" -.336122€ -1 -, 285599E=1 -1.530°

~-. 10000 01 -, 10008008 Ul -.lo00nuE o1

Mepnet . v .ont M1=M2=1300 i&auss . cm’}
MAGAL T ) MAGNET - AAGHET 182 ANGLE
LBLTI13E=0 - 1659200-31 225397611 L2940

- -,2399375-01 =, 3L5B03E=-01 -, 291303E-01 ~..0871°

-, 00080068 1 -, 100000t 41 -.100000: o1

- Phe' MSTU measurements of Mr. Ruggaber of Nov. 21/23, 1966 &

" yielded the following values:

4 emx = lllu
= e, =-1,82°

methods that are independent from each other, showed good l

agreement.

L lachotts

}

- With deviation of 0.29 the results of the two measurement | -




